THE PARASITOID Microplitis croceipes
appears to be a good candidate for augmentative releases against larvae of Heliothis zea (Boddie) and H. virescens (F.) (Hopper & King 1984 , Stadelbacher et al. 1984 ). An obstacle to the successful use of this endoparasitoid, however, is the inability to rear the insect at reasonable cost. Development of an artificial medium would be one way to reduce the cost of mass rearing M. croceipes, and efforts toward this end have been ongoing (Greany et al. 1984) . Once an artificial medium is developed for the insect, a means of collecting large numbers of parasitoid eggs for in vitro culture will be required. We report the presence of an ovipositional kairomone in the hemolymph of H. zea larvae and the development of an artificial oviposition substrate (AOS) made from agar drops treated with host hemolymph; the AOS provides the tactile and chemosensory stimuli required to elicit oviposition. This AOS can be used to collect large numbers of eggs for in vitro culture of M. croceipes.
Two other parasitoids have been induced to oviposit on surrogate hosts. The pupal parasitoid Itoplectis conquistor (Say) was stimulated to oviposit by hemolymph or selected amino acids such as serine, arginine, and by magnesium chloride placed into parafilm tubes (Arthur et al. 1972 ). The other parasitoid was an insect egg parasitoid- Rajendram & Hagen (1974) reported that saline or saline buffers stimulated oviposition of Trichogramma californicum Nagaraja & Nagarkatti into artificial I This article reports the results of research only. Mention of a proprietary product does not constitute an endorsement or a recommendation for its use by USDA. eggs made with wax shells. It was later found that potassium and magnesium were more effective than sodium salts. Lepidopteran eggs have higher con· centrations of potassium than of sodium. This im· proved formulation and the synergism between po· tassium and magnesium were demonstrated with Trichogramma pretiosum (Riley) (Nettles et al 1982 (Nettles et al , 1983 (Nettles et al , 1985 . Female wasps oviposited into hollow wax spheres that contained a solution of salts, KCI and MgS0 4 • Wu & Qin (1982) reported that Trichogramma dendrolimi (Nagaraja & Na· garkatti) oviposit in response to the specific amino acids leucine, phenylalanine, and isoleucine.
In this study, the AOS for M. croceipes consisted of agar drops soaked in hemolymph. The active kairomone in hemolymph was partially character· ized chemically by physical and enzymatic treat· ments.
Materials and Methods
Host and Parasitoid Colony Maintenance. The host species, H. zea, was mass reared on pinto bean· based diet as described by Leppla et al. (1982) , Manduca sexta (L.) was reared according to Bell et al. (1981) . M. croceipes was reared in the lab· oratory using procedures described previously (Ferkovich & Dillard 1986) . Mated M. croceipe8 females at least 1 wk old that had been used twice weekly to sting H. zea for colony maintenance were used in our experiments.
Preparation of the Artificial Larvae. Agarose (Sigma Scientific) was boiled in water to produce a 0.75% gel solution. Then, 20-J,d aliquots of aga· rose, dispensed with a positive displacement pipet to the surface of Parafilm, formed hemispherical gel drops (AOS).
Hemolymph was obtained from surface-sterilized (70% ethanol) third-to fifth-instar H. zea by expression of 10-30 #ll from a proleg of each larva. Approximately 0.1 mg phenylthiourea (PTU) was added to each 100 #ll of the pooled hemolymph to prevent melanization. Each 20-#l1 gel drop was immersed for at least 20 min in 20 #ll of hemolymph. In a similar manner, hemolymph was collected from fifth instars of M. sexta for comparison with H. zea hemolymph.
Bioassay Test Conditions. Preference experiments were conducted in plastic Petri dishes (30, 60, or 100 by 15 mm). The number of AOS's ranged from 1 to 15 per dish, and the number of female wasps per dish was 1-or 2-fold the number of AOS's. Each experiment contained positive controls. Negative controls were used in experiments when indicated. Positive controls contained H. zea hemolymph; the negative control was an AOS prepared with water or phosphate-buffered saline (PBS) (0.8% NaCI in 0.05 M NaH 2 P0 4 adjusted to pH 7.4 with NaOH). To minimize different groups of wasps as sources of variation, replicates of each treatment were contained in the same Petri dish as the controls.
Unless otherwise indicated, the time allowed for wasps to sting and oviposit was 1 h at 24°C under fluorescent lighting. The eggs deposited in each agar drop were counted while inverting the dish under a dissecting microscope. The paired Student's t test was used to test for differences between the control and treatment groups (Tassel 1981) . Dilution. Serial dilutions of H. zea hemolymph were made with distilled water. Five 20-#l1 gel drops were treated for 1 h with 50 #ll of each dilution. The undiluted positive control and the water negative control were included with the six diluted samples (1:2, 1:4, 1:8, 1:16, 1:32, 1:64). The data for five curves were generated from five Petri dishes (lOO by 15 mm). Each dish contained eight AOS's (two controls and six dilutions of hemolymph) and eight females. After 3 h, the eggs in each AOS were counted. The dose-response relationship was linearized with a log-logit transformation (Berkson 1953) and analyzed by linear regression analysis (Tassel 1981) .
Heat Treatment. The bioassay for testing the effects of heat on the ovipositional activity was performed on a split sample of pooled hemolymph collected from H. zea fourth and fifth instars. One hundred #ll of hemolymph was diluted with an equal volume of PBS. Half of the diluted sample was placed in a microfuge tube (Eppendorf) which was placed in boiling water for 5 min. After the heat-denatured sample was centrifuged, the supernatant was compared with the unheated sample by soaking the AOS in each for 30 min. One heattreated and one untreated AOS were placed in each of five Petri dishes (30 by 15 mm) with four females. There were two replications, with five dishes per replication.
Extraction with Hexane. Twelve AOS's were infused with hemolymph. Six treated AOS's, as well as negative control gels, were extracted with hexane in glass test tubes. The test tubes, each containing three AOS's and 1 ml of hexane, were vortexed four times during 10 min of extraction. For the bioassay, two Petri dishes (100 by 15 mm) were used. Each dish contained three replicates (AOS) for each of the four treatments (positive and negative controls, extracted and unextracted) and 12 females.
Dialysis. Cellulose dialysis membranes (BioRad) with a molecular cutoff of 12 kilodaltons (kD) were used. Glycerol and traces of heavy metals were removed from dialysis membranes by boiling with ethylene diamine tetra acetic acid (1.0 mM EDTA, 2% NaHC0 3 ) prior to use. The moist membrane was supported between two lower halves of Petri dishes (35 by 10 mm). Hemolymph (20 #ll) was placed on a gel drop on the upper surface of a dialysis membrane. A second gel drop was placed on the bottom side of the membrane under the agar drop that was placed on top of the membrane. Twenty min were allowed for the kairomone to diffuse into the lower gel.
The bioassay for testing those hemolymph components that were able to pass through the dialysis membrane was performed as follows. Four AOS's infused with hemolymph on top of the dialysis membrane were placed in one Petri dish (30 by 15 mm) with eight females. The four AOS's on the bottom side of the dialysis membrane were placed in a second matching Petri dish, also with eight females, for 16 h.
Protease Sensitivity. Hemolymph (20 #ll) was mixed with 0.5 mg of trypsin or protease (Sigma, bovine pancreatic) and 0.05-0.1 mg of PTU for 1-3 h at 24°C. During the course of several experiments, 1-3 h was allowed for digestion by protease at 24°C. The activity of this protease was confirmed by determining that it digested gelatin (Knox). The protease-treated sample was compared to the untreated hemolymph sample by soaking the AOS in each of four replicates of protease-treated hemolymph. Four other AOS's were infused with the same hemolymph source but not subjected to protease activity. Each AOS was placed into one Petri dish (30 by 15 mm) with two females.
Bioassay of Nonhost, Postemergence Host Hemolymph, and Trehalose. Three tests were conducted in Petri dishes (100 by 15 mm). Each dish contained a total of 15 AOS's and 15 females. In one test, the dish contained five AOS's treated with nonhost M. sexta hemolymph from fifth instars, five AOS's treated with host H. zea hemolymph from fifth instars, and five AOS's with distilled water (negative control). In a second test, five AOS's were treated with nonparasitized host hemolymph from fifth instars, five AOS's with parasitized host hemolymph from fifth instars, and five AOS's with Voucher specimens are on deposit at the Florida State Collection of Arthropods, Gainesville, Fla.
Results
Insect Behavioral Response to an Artificial Lar~ va. Fig. 1 shows M. croceipes ovipositing into a hemolymph-treated artificial oviposition substrate. The shape of the AOS was a 20-Jl.1 cylinder in preliminary experiments, but a hemispherical shape, also effective, was more easily made by allowing drops of liquid 0.75% agar to solidify on a plastic surface. It should be noted, however, that the shape of the AOS alone had no effect on the ovipositional response of the females, which were never observed to oviposit into the spheres containing only water (Fig. 2) .
Effect of Hemolymph Serial Dilution. Fig. 2 contains the results of one experiment used to determine the effect of diluting H. zea hemolymph on the eggs oviposited in AOS by M. croceipes during a given time interval (3 h). At the 1:8 dilution, an intermediate response is followed by attenuation at higher dilutions. With water only (infinite dilution), no eggs were oviposited.
For regression analysis, the log of the dilution factor was expressed by the abscissa (X). The mean of five replications for each of the seven dilution treatments was expressed as a percentage (P) of the maximum number of eggs observed in a single AOS. The ordinate (Y) was the logit in this loglogit transformation. The logit of Y was calculated as a function of P, logit (Y) = Ln[P /(100 -P))'
After linear regression analysis (Tassel 1981) Properties of the Hemolymph Kairomone. When hemolymph was heated with boiling water for 5 min, some loss of the original activity was observed (Table 1) . However, it is likely that this slight loss of activity may have resulted from the binding of some of the stimulant by the precipitate that was removed by centrifugation.
Extraction of hemolymph-treated agar drops with purified hexane had no effect on subsequent ovi· positional activity. This suggests that the oviposi· tion-stimulating kairomone was not a lipid.
The kairomone could diffuse through a dialysis membrane with a 12 kD cutoff. Therefore, the molecule is probably polar with a molecular weight of less than 12,000.
Trypsin and protease had no effect (Table 1) ; their activity was verified using gelatin as a substrate. Phenylthiourea, included to inhibit phenyl oxidase activity, did not inhibit enzyme activity. b Number (n) of AOS's used as a control or as the treated. Significant (S) with one-tailed, paired Student's t test (P = 0.05); NS, no significant differences.
C Hemolymph heated with boiling water for 5 min. d AOS with hemolymph was incorporated and extracted with 1 ml of purified hexane. No eggs were deposited in negative controls (data not shown); AOS soaked in distilled water and hex· ane.
e Cellulose dialysis membrane with a mol wt cut-off of 12,000.
f Digestion of 80 III hemolymph with 0.4 mg (10 mg/ ml) pancreatic protease for 1 h at 24°C. croceipes, had about 20% of the activity of H. zea (Table 2 ). Comparative analysis of those two hemolymphs may provide clues for identification of the kairomone in future work. Postemergence hemolymph (H. zea larvae after parasitoid emergence, in a state of developmental arrest) was much less effective than normal fourthinstar hemolymph. However, when trehalose was added to postemergence hemolymph, much of the activity was restored. Synergism appeared to be operating, for trehalose alone had no activity (Table 2). Discussion M. croceipes is one of only a few hymenopterous parasitoids for which an artificial oviposition substrate has been developed. Our observations suggest that the females obtained information by probing the host's interior with sensillae located on the ovipositor and were responding to an ovipositional kairomone in the hemolymph of the host.
Our preliminary studies into the nature of the oviposition stimulant indicate that it has a molecular weight of less than 12,000 and is somewhat heat sensitive, but it is probably not a protein or peptide because trypsin and protease had no effect on activity.
Hemolymph taken from fourth instars of H. zea after being parasitized by M. croceipes was less effective than hemolymph from nonparasitized larvae. However, addition of trehalose restored much of the activity, indicating a synergistic effect by the sugar. Trehalose had little activity alone as an ovipositional stimulant, but it did increase oviposition of I. conquistor when added to solutions of the amino acids serine and arginine (Arthur et al. 1972) .
